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" The effects of introducing a phase-shift in the characteristic modes (CMs) of a 
rectangular conductive plane have been investigated. More in detail, a careful 
characteristic modes analysis (CMA) has been carried out in the aforementioned 
conditions to verify the possibility of significantly altering the shape of the 
overall radiated pattern. Among all the CMs, only two radiating modes (J,) have 
been selected to achieve a pattern-reconfiguration ability. In particular, by a 
weighting linear superposition of only these two radiating modes over the 
conductive sheet, it is possible to realize a null-steering antenna in a principal 
plane. As proof of concept, a prototype of the proposed antenna has been 
realized and measured. The obtained results present a good agreement with the 
simulations and prove that the proposed design guidelines are reliable and also 
applicable to other kinds of structures. 
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Characteristic Modes Theory (CMT) 


Characteristic Modes Theory (CMT) represents a powerful electromagnetic tool 


which gives useful information about the radiative characteristics of the 
investigated structure. They are obtained by solving the eigenvalue equation: 


X J, - AR JJ, 


o A, > Eigenvalues 


o J, > Eigenvectors (n“ Characteristic Modes) 
The orthogonality properties of characteristic modes can be summarized as: 


l 


, Det 
jV RI.) = 5 PP Ie RJ. ds 26, 
l 


J. Xd, = J.- XJ, ds A Ó,, 
DRE: 
S 


l us zr) sdb: -ZJ ds =(1+ jd, )6,, 


Z 
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Characteristic Modes Theory (CMT) allows obtaining a physical interpretation of 
the radiation phenomena. According to the CMT, the total current distribution 


over the antenna (J+) can be decomposed as a weighted linear superposition of 
infinite current modes (J,): 


External Source Modal Excitation Coefficient (MEC) 
Modal Weighting Coefficient (MWC) 


‘J ds 
- 20M, > Ja” l SUA I= a” 
Vi =pE'-J, ds 
| 
BIS! 


The magnitude, phase, the position and the kind of the external exciters (£') 
affect the modes excitation degree (o,) over the structure 


QL, (V. MS) 
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CM of a Ship (Example) 





e First six Current Modes distribution (J,) of a ship. 






f = 6 MHz 
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CM of a Ship (Example) 





* First six Current Modes distribution (J,) of a ship. 
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* The usefulness of the CMT has been highlighted in different kind of antenna and 
applications. 


MIMO 


H. Li, Z. T. Miers, and B. K. Lau, "Design of 


Orthogonal MIMO Handset Antennas Based on E J] D SE iu z E. 


on m 


Characteristic Mode Manipulation at Frequency 
Bands Below 1 GHz," IEEE Transactions on 
Antennas and Propagation, vol. 62, no. 5, pp. 
2756-2766, May 2014. 
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D. Manteuffel and R. Martens, “Compact Multimode 
Multielement Antenna for Indoor UWB Massive MIMO,” IEEE 
Transactions on Antennas and Propagation, vol. 64, no. 7, pp. 
2689-2697, Jul. 2016. 


Complex Platform 


T.-Y. Shih and N. Behdad, "Bandwidth Enhancement of Platform-Mounted HF Antennas Using the 


Characteristic Mode Theory," IEEE Transactions on Antennas and Propagation, vol. 64, no. 7, pp 
2648-2659, Jul. 2016. 





* These attractive features of the CM can be also useful in terms of the designs of 
reconfigurable antenna systems. 
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I. Evaluate the Characteristic Modes and their related radiation 
patterns of the investigated platform, 


ll. Select the radiation patterns of the current-modes (J,) that, once 
overlapped, satisfy the desired requirement, 


Il. Find the optimum feeding position and the kind of the exciters in 
order to efficiently excite these desired Characteristic Modes, 


IV. Introduce a phase difference between the sources in order to 
asymmetrically excite the modes and realize the phase-shifted 
Characteristic Modes to generate a pattern reconfigurable antenna. 


ca 
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Null-Steering Antenna Design 





Goal: Pattern Reconfigurable antenna by exploiting the CMT. 


Characteristic Modes of a rectangular conductive plane. 
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Two current modes (J,) that we want excite to realize a pattern reconfigurable 
antenna. 





I 
Capacitive Coupling Exciter (CCE) — : da 
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Mode 8 
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Modal Weighting Coefficient (MWC) when the exciters (CCE) are individually 
excited. 


K number of Exciters 
N = number of Excited Modes 
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By introducing a phase difference (Ag) between the exciters, " total current 
distribution (J,,,) becomes: 
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By introducing a phase difference (Ag) between the exciters, the total current 
distribution (J,,,) becomes: 


| AQ [ z-^o 
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* By introducing a phase difference (Ag) between the exciters, the total current 
distribution (J,,,) becomes: 
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* Dueto the orthogonality of the modes (J,), the total radiated power is the sum 
of the power of each mode: 


, n=1,2,...,N 
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e Total current distribution (Ją) over the antenna as a function of the phase 
difference (Ag). 


Mode 4 
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e Discrete Phase-Shifter implemented by using several PIN diodes to generate the 
phase-difference between the CCEs. 


Anode Cathode 
/ | LJ Inductance (L) 
Diodo: BAR 50-02V 
» L=33uUH 
—[Dr- * Model: 495-1836-1-ND 


e Dim: 1.6x0.8 mm 


+ 
0/+Vcc 0/+Vcc rr 


L] Resistance (R) 


" R-5000 
Port-2 * Model: 541-1905-2-ND 
* Dim: 1.07x0.56 mm 


Port-1 





+Vcc/ 0 *Vcc/ 0 +Vcc/ 0 
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e Discrete Phase-Shifter implemented by using several PIN diodes to generate the 
phase-difference between the CCEs. 


Anode Cathode 





—— 30°(Sim.) 
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a 1 —— 90*(Sim.) 
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e Complete feeding network located below the grounded substrate dielectric layer. 


= Wilkinson Power Divider 
" Discrete phase-shifter 


= A/A transformer 
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* Comparison between the simulated and the measured radiation pattern. 


0 o o 


Ag=0° 





Delta-Phase A0 Null-Depth 
0° 0° 33 dB 
30° 11° 26 dB 

Ag=60° 60° 15° 31 dB 
90° 17° 27 dB 
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e Comparison between the simulated and the measured radiation pattern. 








Delta-Phase AO Null-Depth 
90° 17° 27 dB 
120° 22° 18 dB 
150° 28° 21 dB 
180° 32° 21 dB 
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* Comparison between the simulated and the measured input reflection 


coefficient. 
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Conclusions 





A novel approach based on Characteristic Modes analysis has been proposed for 
the design of a pattern reconfigurable antenna. 


The selective excitation of the modes over the conductive body has been 
realized by proper position of the exciters. 


The phase-shifted characteristic modes is implemented by introducing an 
asymmetric excitation in order to steer the null. 


» Phase-shifted Characteristic Modes for pattern control on complex platform. 
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